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suctionAbstract The problem of unsteady, two-dimensional, laminar, boundary-layer ﬂow of a viscous,
incompressible, electrically conducting and heat-absorbing Rivlin–Ericksen ﬂow ﬂuid along a
semi-inﬁnite vertical permeable moving plate in the presence of a uniform transverse magnetic ﬁeld
and thermal buoyancy effect is considered. The plate is assumed to move with a constant velocity in
the direction of ﬂuid ﬂow while the free stream velocity is assumed to follow the exponentially
increasing small perturbation law. Time-dependent wall suction is assumed to occur at the perme-
able surface. The dimensionless governing equations for this investigation are solved analytically
using two-term harmonic and non-harmonic functions. The obtained analytical results reduced
to previously published results on a special case of the problem. Numerical evaluation of the ana-
lytical results is performed and some graphical results for the velocity and temperature proﬁles
within the boundary layer are presented. Skin-friction coefﬁcient, Nusselt numbers are also dis-
cussed with the help of the graphs.
 2014 Production and hosting by Elsevier B.V. on behalf of Ain Shams University.1. Introduction
Convective heat transfer in porous media has been a subject of
great interest for the last few decades. This interest was moti-
vated by numerous thermal engineering applications in various
disciplines, such as geophysical, thermal and insulation engi-
neering, the modeling of packed sphere beds, the cooling of
electronic systems, chemical catalytic reactors, ceramic pro-
cesses, grain storage devices ﬁber and granular insulation,
petroleum reservoirs, coal combustors, ground water pollution
Nomenclature
A suction velocity parameter
B0 magnetic induction
Cp speciﬁc heat at constant pressure
Gr Grashof number
g acceleration due to gravity
K permeability of the porous medium
M magnetic ﬁeld parameter
N dimensionless material parameter
n dimensionless exponential index
Nu Nusselt number
Pr Prandtl number
Q0 heat absorption coefﬁcient
T temperature
t dimensionless time
U0 scale of free stream velocity
u*, v* components of velocities along and perpendicular
to the plate, respectively
V0 scale of suction velocity
x*, y* distances along and perpendicular to the plate,
respectively
Q dimensionless heat absorption coefﬁcient
Rm dimensionless viscoelasticity parameter of the Riv-
lin–Ericksen ﬂuid
Up constant plate moving velocity
Greek symbols
a ﬂuid thermal diffusivity
bT coefﬁcient of volumetric expansion of the working
ﬂuid
b1 kinematic viscoelasticity
e scalar constant (1)
g dimensionless normal distance
r electrical conductivity
q ﬂuid density
l ﬂuid dynamic viscosity
m ﬂuid kinematic viscosity
s friction coefﬁcient
h dimensionless temperature
j thermal conductivity
s skin-friction coefﬁcient
Superscripts
/ differentiation with respect to g
\ dimensional properties
Subscripts
p plate
w wall condition
1 free stream condition
868 V. Ravikumar et al.and ﬁltration processes. Kim [1] investigated an unsteady
MHD convective heat transfer past a semi-inﬁnite vertical por-
ous moving plate with variable suction. Later Chamkha [2] ex-
tended the work of Kim in which he discussed unsteady MHD
convective heat and mass transfer past a semi-inﬁnite vertical
permeable moving plate with heat absorption. Gokhale et al.
[3] discussed effects of mass transfer on the transient free
convection ﬂow of a dissipative ﬂuid along a semi-inﬁnite ver-
tical plate with constant heat ﬂux. Alam et al. [4] discussed
numerical study of the combined free forced convection and
mass transfer ﬂow past a vertical porous plate in a porous
medium with heat generation and thermal diffusion. Hossain
et al. [5] studied the effects of radiation of free convection ﬂow
of ﬂuid with variable viscosity from a porous vertical plate.
MHD free convection ﬂows occur frequently in nature. The
applications of hydro magnetic incompressible viscous ﬂow in
science and engineering involving heat transfer under the
inﬂuence of chemical reaction are of great importance to many
areas of science and engineering. This frequently occurs in
petro-chemical industry, power and cooling systems, chemical
vapor deposition on surface, cooling of nuclear reactors, heat
exchanger design, forest ﬁre dynamics and geophysics as well
as magneto-hydrodynamic power generation systems. Seeth-
mahalakshmi et al. [6] discussed unsteady effects of thermal
radiation on MHD free convection ﬂow past a vertical porous
plate. Sahin et al. [7] studied combined heat and mass transfer
by mixed convection MHD ﬂow along a porous plate with
chemical reaction in the presence of heat source. Chaudhaury
et al. [8] discussed combined heat and mass transfer effects on
MHD free convection ﬂow past an oscillating plate embedded
in porous medium. Ravikumar et al. [9] studied MHD double
diffusive and chemical reactive ﬂow through porous mediumbounded by two vertical plates. Ravikumar et al. [10,11] dis-
cussed heat and mass transfer effects on MHD ﬂow of viscous
ﬂuid through non-homogeneous porousmedium the in presence
of temperature dependent heat source. Singh et al. [12] studied
ﬂuctuating heat and mass transfer on unsteady MHD free con-
vection ﬂowof radiating and reacting ﬂuid past a vertical porous
plate in slip- ﬂow regime. Seethamahalakshmi et al. [13] dis-
cussed MHD free convective mass transfer ﬂow past an inﬁnite
vertical porous plate with variable suction and soret effect. Ra-
jesh et al. [14] studied radiation and mass transfer effects on
MHD free convection ﬂow past an exponentially accelerated
vertical plate with variable temperature. Israel-Cookey et al.
[15] studied the inﬂuence of viscous dissipation on unsteady
MHD free convection ﬂow past an inﬁnite heated vertical plate
in porous medium with time-dependent suction. Raju et al. [16]
studied unsteady MHD free convective oscillatory couette ﬂow
through a porous medium with periodic wall temperature.
The Rivlin–Ericksen elastic-viscous ﬂuid has relevance and
importance in geophysical ﬂuid dynamics, chemical technology
and industry. Daleep et al. [17] studied bounds for complex
growth rate in thermosolutal convection in Rivlin–Ericksen
viscoelastic ﬂuid in a porous medium. Noushima et al. [18] dis-
cussed hydro magnetic free convective Rivlin–Ericksen ﬂow
through a porous medium with variable permeability. Rana
[19] discussed thermal instability of compressible Rivlin–
Efﬁcksen rotating ﬂuid permeated with suspended dust parti-
cles in porous medium. Sharma et al. [20] discussed Hall effects
on thermal instability of Rivlin–Ericksen ﬂuid. Gupta et al.
[21] discussed on Rivlin–Erickson elastico-viscous ﬂuid heated
and solution from below in the presence of compressibility,
rotation and Hall currents. Uwanta et al. [22] discussed effects
of mass transfer on hydro magnetic free convective
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Figure 1 Physical conﬁguration.
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dependent suction. Varshney et al. [23] discussed effects of
rotator Rivlin–Ericksen ﬂuid on MHD free convective and
mass transfer ﬂow through porous medium with constants
heat and mass ﬂux across moving plate. Magnetic ﬁeld effects
on transient free convection ﬂow through porous medium past
an impulsively started vertical plate with ﬂuctuating tempera-
ture and mass diffusion was studied by Ravikumar et al.
[24]. Seth et al. [25] considered, MHD natural convection ﬂow
with irradiative heat transfer past an impulsively moving plat
with ramped wall temperature. Effects of variable suction
and thermophoresis on steady MHD combined free-forced
convective heat and mass transfer ﬂow over a semi-inﬁnite per-
meable inclined plat in the presence of thermal radiation were
investigated by Alam et al. [26]. Rajasekhar [27], Linga [28],
Muthucumaraswamy [29], etc. studied various effects of heat
transfer in different geometries. In their study Raju et al. [30]
considered MHD convective ﬂow through porous medium in
a horizontal channel with insulated and impermeable bottom
wall in the presence of viscous dissipation and Joule heating.
Effects of Hall current and radiation absorption on MHD
micropolar ﬂuid in a rotating system were studied by Satya
Narayana et al. [31]. Mahgoub [32] investigated forced convec-
tion heat transfer over a ﬂat plate in a porous medium. Slip ef-
fects on MHD boundary layer ﬂow over an exponentially
stretching sheet with suction/blowing and thermal radiation
were considered by Swati [33]. Sivaraj and Rushi Kumar [34]
investigated chemically reacting dusty viscoelastic ﬂuid ﬂow
in an irregular channel with convective boundary.
Most of the previous works reported here are assumed that
the semi-inﬁnite plate is to be at rest. Apart from that in the
above studies the ﬂuid considered was Newtonian. Motivated
by the above studies, in this paper we have extended the study
of Kim [1], by considering a well known non-Newtonian ﬂuid
namely Rivlin–Ericksen ﬂuid for the case of a semi-inﬁnite mov-
ing porous plate in a porous medium in the presence of pressure
gradient and constant velocity in the ﬂow direction when the
magnetic ﬁeld is imposed transverse to the plate. We also con-
sider the free stream to consist of a mean velocity and tempera-
ture over which are superimposed an exponentially varying with
time. The results obtained here are in good agreement with the
results of Kim in the absence of non-Newtonian ﬂuid.
2. Problem formulation
We consider unsteady two-dimensional ﬂow of a laminar,
incompressible, viscous, electrically conducting and heat-
absorbing Rivlin–Ericksen ﬂuid past a semi-inﬁnite vertical
permeable moving plate embedded in a uniform porous med-
ium subjected to a uniform transverse magnetic ﬁeld (see
Fig. 1). It is assumed that there is no applied voltage which im-
plies the absence of an electrical ﬁeld. The transversely applied
magnetic ﬁeld and magnetic Reynolds number are assumed to
be very small so that the induced magnetic ﬁeld and the Hall
effects are negligible. A consequence of the small magnetic
Reynolds number is the uncoupling of the Navier–Stokes
equations from Maxwell’s equations. The governing equations
for this investigation are based on the balances of mass, linear
momentum and energy. Taking into consideration the assump-
tions made above, these equations can be written in Cartesian
frame of reference as follows:@v
@y
¼ 0 ð1Þ
@u
@t
þ v @u

@y
¼  1
q
@p
@x
þ v @
2u
@y2
þ gbTðT  T1Þ  m
u
k
 rB
2
0
q
u  b1
@3u
@t@y2
þ v @
3u
@y3
 
ð2Þ
@T
@t
þ v @T

@y
¼ a @
2T
@y2
 Q0
qcp1
ðT  T1Þ ð3Þ
where x*, y* and t* are the dimensional distance along and per-
pendicular to the plate and dimensional time, respectively. u*
and v* are the components of dimensional velocities along x*
and y* directions, respectively, q is the ﬂuid density, m is the
kinematic viscosity, cp is the speciﬁc heat at constant pressure,
r is the ﬂuid electrical conductivity, B0 is the magnetic induc-
tion, k* is the permeability of the porous medium, T is the
dimensional temperature, Q0 is the dimensional heat absorp-
tion coefﬁcient, a is the thermal diffusivity, g is the gravita-
tional acceleration and bT is the coefﬁcient of volumetric
expansion, and b1 is the kinematic viscoelasticity.
The magnetic and viscous dissipations are neglected in this
study. It is assumed that the permeable plate moves with a con-
stant velocity in the direction of ﬂuid ﬂow, and the free stream
velocity follows the exponentially increasing small perturba-
tion law. In addition, it is assumed that the temperature at
the wall as well as the suction velocity is exponentially varying
with time. Under these assumptions, the appropriate boundary
conditions for the velocity, temperature ﬁelds are
u ¼ up; T ¼ Tw þ eðTw  T1Þen
t at y ¼ 0
u ! u1 ¼ U0ð1þ een
t Þ;! T1 as y ! 1 ð4Þ
where up, Tw are the wall dimensional velocity, temperature,
respectively. U1, T1 are the free stream dimensional velocity,
temperature respectively. U0 and n
* are constants.
It is clear from Eq. (1) that the suction velocity at the plate
surface is a function of time only. Assuming that it takes the
following exponential form:
v ¼ V0ð1þ eAent Þ ð5Þ
870 V. Ravikumar et al.where A is a real positive constants, e and eA are small less
than unity, and V0 is a scale of suction velocity which has
non-zero positive constant. Outside the boundary layer Eq.
(2) gives
 1
q
@p
@x
¼ dU

1
dt
þ v
k
U1 þ
r
q
B20U

1 ð6Þ
It is convenient to employ the following dimensionless
variables:
u ¼ u
U
; v ¼ v
V0
; g ¼ V0y
v
; U1 ¼ U
1
U0
; Up ¼ u

p
U0
; t ¼ tV20
v
;
h ¼ TT1
TwT1 ; n ¼
nv
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k
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v
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;
ð7Þ
In view of Eqs. (5)–(7), Eq. (2) and (3) reduce to the following
dimensionless form:
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@t
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where N ¼Mþ 1
K
and Gr, Pr, and Q are the solutal Grashof
number, Prandtl number, dimensionless heat absorption coef-
ﬁcient respectively.
The dimensionless form of the boundary conditions (4)
become
u ¼ Up; h ¼ 1þ eent; U ¼ 1þ eent at g ¼ 0
u! U1; h! 0; U! 0 as g!1
ð10Þ3. Solution of the problem
Eq. (8) and (9) represent a set of partial differential equations
that cannot be solved in closed form. However, it can be re-
duced to a set of ordinary differential equations in dimension-
less from that can be solved analytically. This can be done
representing the velocity and temperature as
U ¼ f0ðgÞ þ eentf1ðgÞ þðe2Þ þ . . . ð11Þ
h ¼ g0ðgÞ þ eentg1ðgÞ þðe2Þ þ . . . ð12Þ
Substituting Eqs. (11) and (12) into Eq. (8) and (9), equating
the harmonic and non-harmonic terms, and neglecting and
higher- order terms of s(e2), one obtains the following pairs
of equations for (f0, g0) and (f1, g1).
Rmf
===
0 þ f==0 þ f=0 Nf0 ¼ Grg0 N ð13Þ
Rmf
===
1 þ ð1 nRmÞf==1 þ f=1 Nf1  nf1
¼ n Grg1 N RmAf===0  Af=0 ð14Þ
g
==
0 þ Prg=0 QPrg0 ¼ 0 ð15Þ
g
==
1 þ Prg=1  nPrg1 QPrg1 ¼ APrg=0 ð16Þwhere prime denotes ordinary differentiation with respect to g.
The corresponding boundary conditions can be written as
f0 ¼ Up; f1 ¼ 0; g0 ¼ 1; g1 ¼ 1 at g ¼ 0
f0 ¼ 1; f1 ¼ 1; g0 ! 0; g1 ! 0 at g!1
ð17Þ
Without going into detail, the solution of Eqs. (13)–(16)
subject to Eq. (17) can be shown to be
g0 ¼ em1g ð18Þ
g1 ¼ k2em3g þ k1em1g ð19Þ
Eqs. (13) and (14) are third order D.Es when Rm „ 0 and we
have two boundary conditions, so we follows bears and Walt-
ers as
f0 ¼ f01 þ Rmf02 þðRm2Þ ð20Þ
f1 ¼ f11 þ Rmf12 þðRm2Þ ð21Þ
Substituting Eqs. (20) and (21) into (13) and (14), equating dif-
ferent powers of Rm and neglecting s(Rm2).
The corresponding boundary conditions are
f01 ¼ Up; ; f02 ¼ 0; f11 ¼ 0; f12 ¼ 0 at g ¼ 0
f01 ¼ 1; f02 ¼ 0; f11 ¼ 1; f12 ¼ 0 as g!1
ð22Þ
we get zeroth order and ﬁrst order equations of Rm.
f01 ¼ k4em6g þ k3em1g þ 1 ð23Þ
f02 ¼ k7em8g þ k5em6g þ k6em1g ð24Þ
f11 ¼ k16em10g þ k14 þ k9em3g þ k15em1g þ k12em6g ð25Þ
f12 ¼ k27em12g þ k22em6g þ k23em1g þ k24em8g
þ k25em10g þ k26em3g ð26Þ
In view of the above solutions, the velocity and temperature
distributions in the boundary layer become
Uðg; tÞ ¼ f0ðgÞ þ eentf1ðgÞ
¼ ½ðk4em6g þ k3em1g þ 1Þ þ Rmðk7em8g
þ k5em6g þ k6em1gÞ þ eent½ðk16em10g þ k14
þ k9em3g þ k15em1g þ k12em6gÞ
þ Rmðk27em12g þ k22em6g þ k23em1g
þ k24em8g þ k25em10g þ k26em3gÞ ð27Þ
hðg; tÞ ¼ g0ðgÞ þ eentg1ðgÞ
¼ em1g þ eent½k2em3g þ k1em1g ð28Þ
The skin-friction coefﬁcient and Nusselt number are important
physical parameters for this type of boundary-layer ﬂow.
These parameters can be deﬁned and determined as follows:
s ¼ @u
@g
 
g¼0
¼ ðk28 þ Rmk29Þ þ eentðk30 þ Rmk31Þ ð29Þ
Nu ¼ @h
@g
 
g¼0
¼ k32 þ eentðk33Þ ð30Þ
where
0 1 2 3 4 5 6 7 8 9 10
2
3
4
5
6
7
8
9
10
Suction Velocity Parameter A
Su
rfa
ce
 S
ki
n 
Fr
ic
tio
n
present study
Kim's study
n=0.0001
n=0.1
n=1.0
Pr=0.7; Q=0; M=2; K=0.5; Gr=2; Up=0.5; 
ε=0.2; t=1; Rm=0.0;
Figure 2 Variation in the surface skin friction with the suction
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q
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q
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k2 ¼ 1 k1; k3 ¼ Gr
m21 m1 N
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k4 ¼ Up  k3  1; m5 ¼ 1þ
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1þ 4Np
2
;
m6 ¼ 1þ
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1þ 4Np
2
; m7 ¼ 1þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þ 4Np
2
;
m8 ¼ 1þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þ 4Np
2
;
m9 ¼ 1þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þ 4ðNþ nÞp
2
;
m10 ¼ 1þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þ 4ðNþ nÞp
2
; m11 ¼ 1þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þ 4ðNþ nÞp
2
;
m12 ¼ 1þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þ 4ðNþ nÞp
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3
6k4
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;
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k10 ¼ Grk1
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;
k11 ¼ N
Nþ n ; k12 ¼
Am6k4
m26 m6  ðNþ nÞ
;
k13 ¼ Am1k3
m21 m1  ðNþ nÞ
; k14 ¼ k8 þ k11;
k15 ¼ k10 þ k13; k16 ¼ k9 þ k12 þ k14 þ k15;
k17 ¼ Am36k4 þ Am6k5 þm36k12 þ nm26k12;
k18 ¼ Am31k3 þ Am1k6 þm31k15 þ nm21k15; k19 ¼ Am8k7;
k20 ¼ m310k16  nm210k16; k21 ¼ m33k9 þ nm23k9;
k22 ¼ k17
m26 m6  ðNþ nÞ
; k23 ¼ k18
m21 m1  ðNþ nÞ
;
k24 ¼ k19
m28 m8  ðNþ nÞ
k25 ¼ k20
m210 m10  ðNþ nÞ
;
k26 ¼ k21
m23 m3  ðNþ nÞ
;
k27 ¼ k22 þ k23 þ k24 þ k25 þ k26;
k28 ¼ m6k4 m1k3;
k29 ¼ m8k7 m6k5 m1k6;k30 ¼ k16m10 m3k9 m1k15 m6k12;
k31 ¼ m12k27 m6k22 m1k23 m8k24 m10k25 m3k26
k32 ¼ m1; k33 ¼ m3k2 m1k14. Result and discussion
The non-zero coupled Eqs (11)–(16) subject to boundary con-
dition (17), which describe heat-absorbing Rivlin–Ericksen
ﬂow past a semi-inﬁnite vertical porous moving plate under
the inﬂuence of magnetic ﬁeld are solved analytically by per-
turbation technique. In order to get physical insight into the
problem, the effects of various parameters encountered in
the equations of the problem are analyzed on velocity and tem-
perature ﬁelds with the help of ﬁgures. These results show the
inﬂuence of the various physical parameters such as Grashof
number Gr, Magnetic Reynolds number Rm, Magnetic param-
eter M, Permeability parameter K, Scalar constant e, dimen-
sionless heat absorption coefﬁcient Q and Prandtl number Pr
on the velocity and temperature proﬁles. We have also ana-
lyzed the effects of these physical parameters on skin friction
coefﬁcient and Nusselt number. We can extract interesting in-
sight regarding the inﬂuence of all parameters that govern this
problem.
In order to assess the accuracy of our method, we have
compared our results with accepted data sets for the surface
skin friction proﬁles for a stationary vertical porous plate cor-
responding to the case computed by Kim [1]. The results of this
comparison are found to be in very good agreement (see
Fig. 2). Fig. 3 shows the velocity proﬁles against span wise
direction for different values of the scalar constant e. It was
found that an increase in the value of e leads to an increase
in the velocity distribution across the boundary layer. Fig. 4
illustrates the variation in velocity function with span wise
coordinate g for several values of Rm. It was found that an in-
crease in Rm leads to a decrease in the velocity distribution
across the boundary layer. Fig. 5 shows the velocity proﬁles
for different values of dimensionless heat absorption coefﬁ-
cient Q. Clearly as Q increase the pack value of velocity tends
to decrease. Physically, the presence of heat absorption coefﬁ-
cient has the tendency to reduce the ﬂuid temperature. Thisvelocity parameter A.
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Figure 4 Effects of Rm on velocity proﬁles.
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Figure 5 Effects of Q on velocity proﬁles.
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Figure 6 Effects of Q on temperature proﬁles.
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Figure 7 Effects of e on temperature proﬁles.
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872 V. Ravikumar et al.causes the thermal buoyancy effects to decrease resulting in a
net reduction in the ﬂuid velocity.
Fig. 6 shows the temperature proﬁles for different values of
dimensionless heat absorption coefﬁcient Q. The result display
that an increase in the value of Q results in decrease in the tem-
perature proﬁles as expected. Fig. 7 depicts the temperatureproﬁles with span wise coordinate g for various scalar constant
e. The numerical results show that the effect of increase value
of e results in an increase thermal boundary layer thickness
and more uniform temperature distribution across the bound-
ary layer. We have also shown some graphs of the surface skin
friction against the suction velocity parameter in Figs. 8–12.
From Fig. 8 it is noticed that the surface skin friction on the
porous plate increases by increasing the strength of suction
0 1 2 3 4 5 6 7 8 9 10
3.6
3.8
4
4.2
4.4
4.6
4.8
5
5.2
5.4
5.6
Suction Velocity Parameter A
Su
rfa
ce
 S
ki
n 
Fr
ic
tio
n
Rm=0.01,0.03,0.05,0.07
Pr=0.71;Q=0.005;n=0.1;M=2;k=0.5; 
Gr=5;Up=0.5;ε=0.2;t=1;
Figure 9 Variation in the surface skin friction with the suction
velocity parameter A.
0 1 2 3 4 5 6 7 8 9 10
2
2.5
3
3.5
4
4.5
5
5.5
Suction Velocity Parameter A
Su
rfa
ce
 S
ki
n 
Fr
ic
tio
n
Pr=0.7
Pr=1.0
Q=0.005; n=0.1;M=2 ;K=0.5; 
Gr=5;Up=0.5;ε=0.2;t=1;Rm=0.05;
Figure 10 Variation in the surface skin friction with the suction
velocity parameter A.
0 1 2 3 4 5 6 7 8 9 10
2.5
3
3.5
4
4.5
5
5.5
Suction Velocity Parameter A
Su
rfa
ce
 S
ki
n 
Fr
ic
tio
n
Q=0.1,0.2,0.3,0.4,0.5 Pr=0.71; n=0.1; M=2 ; K=0.5; Gr=5; 
Up=0.5; ε=0.2; t=1; Rm=0.05
Figure 11 Variation in the surface skin friction with the suction
velocity parameter A.
0 1 2 3 4 5 6 7 8 9 10
-10
-8
-6
-4
-2
0
2
4
6
8
Suction Velocity Parameter, A
Su
rfa
ce
 S
ki
n 
Fr
ic
tio
n
Up=0.0 
Up=0.5 
Up=2.0 
Up=5.0 
Pr=0.71; Q=0.005;   n=0.1;   M=2; 
K=0.5;    Gr=5;         ε=0.2;    t=1; 
Rm=0.05; 
Figure 12 Variation in the surface skin friction with the suction
velocity parameter A for various plate moving velocity up.
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MHD convective Rivlin-Ericksen ﬂow past a vertical porous plate in the presence of suction and heat absorption 873velocity. It has been shown that for small values of the dimen-
sionless exponential index n, the increment of surface skin fric-
tion has a gentle slope.
Fig. 8 shows the skin friction on the porous plate for differ-
ent values of Gr. The result displays that an increase in thevalue of Gr results in increase in the skin friction proﬁles, be-
cause an increase in Gr inﬂuences the buoyancy that results
in skin friction. Fig. 9 depicts the variation in surface skin fric-
tion dimensionless viscoelasticity parameter of the Rivlin–
Ericksen ﬂuid Rm against the suction velocity parameter A.
It has been observed that the effect of increase in the values
of Rm decrease the value of the skin friction coefﬁcient for
all values of suction velocity parameter A. As shown in
Fig. 10, the value of the surface skin friction decreases with in-
crease in Prandtl number Pr. Fig. 11 depicts the surface skin
friction versus the suction velocity parameter A for several
vales of dimensionless heat absorption Q. From this ﬁgure it
is seen that the surface skin friction decreases with increase
in Q. It has been observed from Fig. 12 that for a constant
plate moving velocity Up with given material parameters Pr,
M, K, Q, Gr and Rm the effects of increasing values of suction
velocity parameter A, results in a slightly increasing surface
skin friction for the lower values of Up. It is also evident that
the surface skin friction decrease by increasing the plate mov-
ing velocity Up. Fig. 13 illustrates the variation in surface heat
transfer versus the suction velocity parameter A for several val-
ues of Prandtl number. From this ﬁgure it is seen that the sur-
face heat transfer decreases with increase in Pr. Fig. 14 The
variation in surface heat transfer versus the suction velocity
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874 V. Ravikumar et al.parameter A for several values of dimensionless heat absorp-
tion, numerical results show that for given material parameters
which are listed in ﬁgure, the surface heat transfer tends to de-
crease by increasing in Q.
5. Conclusions
The governing equations for combined effects of heat absorp-
tion MHD on convective Rivlin–Ericksen ﬂow past a semi-inﬁ-
nite vertical porous plate with variable temperature and
suction was formulated. The plate velocity was maintained at
a constant value and the ﬂow was subjected to a transverse
magnetic ﬁeld. Numerical results are presented to illustrate
the details of the ﬂow and heat transfer characteristics and
their dependence on the material parameters. We observe that,
when scalar constant e increase the velocity increase, whereas
when dimensionless viscoelasticity parameter of the Rivlin–
Ericksen ﬂuid Rm and dimensionless heat absorption coefﬁ-
cient Q, increase the velocity decreases. Dimensionless heat
absorption coefﬁcient Q increase results a decrease in temper-
ature but, a reverse case is noticed in the presence of a constant
e. It is recognized that there are many other methods that
could be considered in order to describe some reasonable solu-
tion for this particular type of problem. For better understand-
ing of the thermal behavior of this work, however, it may be
necessary to perform the experimental works.Acknowledgement
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